Preliminary results of development of a direct and fast method of determination of antimony in samples of tap water using GFAAS are presented. The found levels of antimony were lower than permitted for human consumption. A mixture of Pd and Mg(NO 3 ) 2 (concentrations in the injected solution: 8.6 µg mL -1 and 5.8 µg mL -1 respectively) was used as the chemical modifier. The pyrolysis and atomization temperatures were 1000 and 1700ºC, respectively and the mean analytical recovery 98.2%. Warsaw and Springer-Verlag Berlin Heidelberg. 
Introduction
Although antimony and antimony compounds have a wide variety of industrial uses, the element enters the environment not only as a result of those industrial applications, but also due to the weathering of rocks, soil run-off and municipal discharges [1] . As a consequence the levels of antimony in nature increase.
Antimony is well-known for being a non-essential toxic element for humans. This is why a number of institutions have set mandatory limits of antimony content in some media and products. For example, the U.S. Environmental Protection Agency (EPA) suggested some years ago a maximum antimony concentration of 6 µg L -1 in drinking water [2] , whereas the Council of the European Communities established 5.0 µg L -1 as the highest permitted level for antimony in water intended for human consumption [3] (this directive has been incorporated into the respective regulations of the member countries of the European Union).
Only a few papers that deal with methods of determination of antimony in drinking water were found in literature. Most of the reported methods use atomic absorption spectrometry as an analytical tool. Hydride generation atomic absorption spectrometry (HGAAS) with a pre-reduction of antimony to Sb(III) has been reported [4, 5] , whereas other researchers combine the generation of the hydride with its detection by atomic fluorescence spectrometry (HG-AFS) [6] or by graphite furnace atomic absorption spectrometry (HG-GFAAS) [7] . Capillary electrophoresis (CE) with indirect UV detection was used by Casiot et al. [8] to determine levels of arsenic, selenium, antimony and tellurium species in water samples. Chromatographic techniques, such as gas chromatography (GC) with detection by quartz furnace atomic absorption spectrometry (GC-QFAAS) [9] or high performance liquid chromatography coupled with inductively coupled plasma mass spectrometry (HPLC-ICP-MS) [10] , have also been used. Moreover, ICP-MS was the technique established by the EPA for the determination of contaminants (such as antimony) in drinking water [11] . Flame atomic absorption spectrometry (FAAS) and graphite furnace atomic absorption spectrometry (GFAAS) have been employed as well [1, [12] [13] [14] [15] [16] .
Some interesting points need to be brought up when mentioning the GFAAS methods described in literature [1, [12] [13] [14] [15] [16] . Firstly, the background correction has been successfully carried out by means of deuterium lamps [1, 16] or longitudinal Zeeman effect background correctors, with transversely heated graphite atomizers (THGA) [12] [13] [14] [15] . Secondly, the samples usually needed to be spiked and/or pre-concentrated if quantitative measurements were to be done, due to the low natural levels of antimony in analysed samples. Finally, among the different chemical modifiers used in antimony determination by GFAAS, the mixture Pd-Mg(NO 3 ) 2 (proposed more than 20 years ago by Schlemmer and Welz as "universal modifier" [17] ) has been used just twice [12, 15] . One of those modifiers, ammonium nitrate, should be cited herein, as it was previously used [18] for the determination of antimony in seawater.
This paper, as well as [18] , presents only a part of the results obtained while working on a research project supported by the former Spanish Ministry of Science and Technology and devoted to determination of antimony in a variety of matrices. Preliminary research presented here resulted in the development of a method of determination of antimony in tap water samples by GFAAS. The proposed method allows for the achievement of good analytical figures of merit, better pyrolysis and/or atomization temperatures than those used in previous works, and use of smaller amounts of chemical modifier.
Experimental Procedures

Apparatus
A SpectrAA-600 atomic absorption spectrophotometer, equipped with a GTA 100 graphite furnace, a programmable sample dispenser and a longitudinal Zeeman-effect background corrector was used. Pyrolytic graphite coated graphite tubes with forked pyrolytic graphite platforms were used in all experiments (all by Varian Inc., Mulgrave, Victoria, Australia).
Reagents
Antimony(III) stock standard solution, 925.6 µg mL • Ω cm, obtained with a Milli-Q water purification system (Millipore, Bedford, MA, USA).
Procedure Proposed for the Determination of Total Antimony in Tap Water Samples
In an autosampler cup, prepare a 1 mL-solution containing 800 µL of sample and aliquots of Pd and Mg(NO 3 ) 2 solutions to give 8.6 µg mL -1 and 5.8 µg mL -1 , respectively, make up the solution with ultrapure water. Measure the resulting solution by GFAAS using the temperature programme shown in Table 1 . Calculate the antimony content in the sample by applying the standard additions method.
Cleaning of Material, Personal Care and Waste Management
To prevent contaminations, all material was washed and kept for 48 h in a 10% (v/v) HNO 3 solution, then carefully rinsed several times with ultrapure water and allowed to dry before use.
Protective gloves, safety glasses and breath masks, when necessary, were worn while handling the antimony solutions. All waste solutions containing antimony or other chemicals were stored in suitable containers and collected by the Service of Dangerous Waste Management of the University of Santiago de Compostela.
Results and Discussion
Study of the Temperature Programme
In previous experiments [18] , temperatures of 600 and 1800ºC were used during the pyrolysis and atomization steps, respectively. The same temperatures were used as a starting point during the experiments described in this paper.
In order to find out the best conditions for performing the analysis, the first set of experiments was carried out without adding a chemical modifier to the standard solution containing antimony to check if it could be directly analysed by GFAAS. Different pyrolysis and atomization temperatures were used in a series of experiments with a standard solution containing 37.0 µg L -1 of antimony; temperatures of 400ºC and 2000ºC, respectively, gave the best results (see "▲-lines" in Fig. 1 ). However, these temperatures were not used in further experiments since the results were not a great improvement if compared to those previously reported [18] , even with the values recorded for the background absorption (not showed in Fig. 1 ) being negligible. Another series of GFAAS measurements were performed using the same standard antimony solution with addition of the Pd-Mg(NO 3 ) 2 chemical modifier solution to give 21.4 µg mL -1 of Pd and 14.6 µg mL -1 of Mg(NO 3 ) 2 . Based on these results, temperatures of 1000 and 1700ºC were selected for the pyrolysis and atomization steps, respectively (see "•-lines" in Fig. 1) . These conditions represent a slight improvement over those proposed previously [18] , especially regarding the pyrolysis temperature. Moreover, 1000ºC temperature of pyrolysis lies within the values proposed by other authors (between 700ºC [1] and 1400ºC [13, 15] ), for the determination of antimony. However the selected temperature of atomization (1700ºC) is slightly lower than the temperatures reported in the literature (which lie between 1900ºC [16] and 2500ºC [13] ). The background signals recorded were insignificant compared to the atomic absorption ones. When the two sets of experiments described above are compared the usefulness of addition of a chemical modifier becomes obvious, since it allows for a higher pyrolysis temperature (without loss of analyte), a lower atomization temperature and produces greater intensity of the signals recorded.
The ramp and hold times of each step of the temperature programme were studied as well; the results are similar to those obtained previously for seawater [18] . The final temperature programme developed in this study and presented in Table 1 shows that the time needed for each measurement is just 60 seconds.
Study of the Amount of Chemical Modifier
In view of its widespread use, the effect of the palladiummagnesium nitrate mixture as a chemical modifier was evaluated during this study. Therefore, a series of 1-mL standard solutions were prepared (in autosampler cups), each solution containing 37.0 µg L -1 of antimony and different volumes of Pd-Mg(NO 3 ) 2 modifier solution to give Pd concentrations between 0 and 64.3 µg mL -1 and Mg(NO 3 ) 2 concentrations between 0 and 43.8 µg mL -1 . These solutions were analysed following the programme described above (see Table 1 ) giving the results depicted in Fig. 2 . On the basis of such results, a volume of modifier solution of 20 µL was selected, which represents concentrations of 8.6 and 5.8 µg mL -1 of Pd and Mg(NO 3 ) 2 , respectively, in the solution injected into the graphite furnace. These concentrations are much lower than those suggested by other authors [12, 15] , but allow for a reliable determination of antimony, as shown by the obtained analytical figures of merit (explained in the following paragraphs).
During our previous study, ammonium nitrate was used as a chemical modifier in the determination of antimony in seawater [18] . The analytical figures of merit obtained in that study indicate that the method is reliable Step 
Analytical Figures of Merit
In order to find out the linear range of concentrations, a standard calibration was carried out, and the standard additions method was applied to a tap water sample to check the effect of the matrix. The programme of temperatures used was the one shown in Table 1 , and the concentration of chemical modifier was that indicated in the previous paragraph. The results attained led us to calculate (least squares method) the following equations for the standard calibration and standard additions lines (where A is integrated absorbance and C is antimony concentration in µg L -1 ): standard calibration: A = -7.52 × 10 -3 + 5.75 × 10 -3 C standard additions: A = -9.24 × 10 -3 + 7.77 × 10 -3 C Table 2 shows these and other parameters calculated for both regression lines.
In view of these slopes, a t test (two-sided, α = 0.05) was applied in order to compare both slopes statistically, that resulted in a significant difference between them. Therefore, the use of the standard additions method (given the matrix effect observed) was mandatory. Moreover, though the intercepts of both lines can not be statistically compared, the interval (a ± s a ) for the standard calibration is included in the same interval defined for the standard additions line. This similarity shows two things: First, the sample used contained an insignificant amount of antimony; and second, no other compound able to cause constant interference was present in the sample.
Regarding the linearity, the response can be said to be linear at least up to 25.0 µg L -1 of antimony. Given the low levels of antimony that are usually found in tap water, it was considered unnecessary to investigate such a linear range at higher concentrations.
The precision of the measurements was assessed by their repeatability within the linear range of concentrations, and the mean RSD of the measurements within that range is about 5%, as indicated in Table 3 . These results are close to those reported in literature and quite similar to those achieved in [18] .
Since a certified reference material was not available for us, the accuracy of the method was estimated by the analytical recovery as a first, preliminary evaluation, and the results obtained are also included in Table 3 . The mean analytical recovery is 98.2%, a quite acceptable value. If compared with the one obtained for seawater analysis [18] (where 100.3% was the mean analytical recovery), a good, consistent agreement between both methods is seen, in spite of the different matrices of the samples analysed with them.
Finally, the sensitivity of the method (i.e., the slope of the standard additions line), is 7.77 × 10 -3 L µg -1 of antimony (very close to the 9.02 × 10 -3 L µg -1 obtained previously [18] ).
The limit of detection (LOD) was calculated as 3 s/b, where "s" is the standard deviation of several measurements of the blank (here 13 measurements) and "b" is the slope of the calibration line (here, standard additions line) [19] . The LOD obtained was 1.9 µg L -1 , calculated in the test portion. If referred to a sample, following the procedure proposed, the LOD would become 2.4 µg L -1 , this being lower than the permitted levels for antimony in waters intended for human consumption [2,3].
Application
As a first approach, the method in development was applied to the determination of antimony in differently spiked tap water samples, with the results shown in Table  3 . When no antimony was added, the concentration in the sample was lower than the LOD of the method (similarly to the reported by other authors [14] [15] [16] ). Obviously, this does not invalidate the method proposed in this preliminary stage, because the permitted values by both the EU and the USA legislations are higher than the LOD of the proposed method.
Conclusions
In view of the results obtained so far, the use of a PdMg(NO 3 ) 2 chemical modifier has been confirmed to be useful, but we have proved that a lower amount of modifier than the proposed in the literature does allow the analyst to achieve good, reliable measurements. The conditions for carrying out the GFAAS measurements are slightly better than those reported in the literature (namely the use of a lower atomization temperature), and allow for a fast determination of antimony. In addition, the analytical figures of merit of the method proposed here prove its reliability in achieving sensitive and precise determinations of antimony. These analytical characteristics should at least be considered to be as good as the ones reported in the literature. Particularly, in regards to the LOD, we have described clearly how it was calculated, a feature that has not been previously reported in literature.
Besides, as pointed out above, the work described here is a part of a broader research project, which has resulted in findings that have been already published [18] . Future research will involve the implementation of pre-concentration or enrichment procedures applied to samples in order to achieve the detection and quantification of the analyte, including lower levels than those permitted. The further study of the previous adsorption of the analyte on nanomaterials, the removement of the solvent from the sample and a broader study of chemical modifiers are considered as well.
